Using the meteorological data of 50 stations in Jilin Province from 1961 to 2016, the demographic and economic data, and geographical information of all counties and cities aims to conduct the risk zoning of cold wave disasters in Jilin Province. The results show that, since 1961, the average number of cold wave occurrences per year in Jilin Province is 8.3 days, of which the highest number of occurrences occurred in February, followed by December and January, and the spring cold wave occurred mostly in March. From the map of cold-sea disaster risk zoning in Jilin Province, due to factors such as topography and land use distribution, the west and east of Jilin Province have a certain resilience to the disasters caused by cold waves, and the risk of disasters is low. The distribution of agricultural facilities and large areas of farmland in the central region are extremely sensitive to cold wave disasters and have a high risk of disasters. Areas with high risk of cold wave are mainly concentrated in Siping City, Changchun City, Liaoyuan City, Jilin City, northern Tonghua City and most of Baishan City. Areas with low cold wave risk are mainly concentrated in most of Baicheng City, most of Songyuan City and Yanbian Prefecture. And other places are moderately risky areas of cold waves.
Journal of Geoscience and Environment Protection disasters and their possible impacts and hazards on the natural environment, society and economy [1] . The types of meteorological disasters are numerous, high in frequency, wide in range, long in duration, and endangered. They are the largest disasters causing people's property losses in natural disasters [2] [3] [4] [5] [6] . Jilin Province is located in the mid-latitudes of the northern hemisphere, the eastern part of the Eurasian continent, the northern temperate zone of China, close to the sub-frigid zone, and belongs to temperate continental monsoon climate. Cold wave mainly occurs in the late autumn to the beginning of next spring. It is one of the major meteorological disasters in Jilin Province and occurs every year. Severe cooling and windy weather are the main features of the cold wave, accompanied by rain, snow, and frost, which have a great impact on transportation, industry, agriculture, and human health, causing huge losses to the national economy. The occurrence of spring cold weather in spring will cause frostbite in corn and rice, which will lead to a decline in yield. The occurrence of cold weather in autumn can cause frost damage to late autumn crops, resulting in reduced yields or outbreaks. In winter, it may cause freezing of trees and crops, frost damage to people and livestock, floods, construction. At the same time, strong winds, rain, and snow from cold waves often cause low visibility, icing and snow on the surface, and threaten traffic safety; freezing rain caused by cold waves can cause transmission lines to be interrupted. The strong cooling caused by the cold wave can easily lead to colds, bronchitis, and cardiovascular diseases [7] [8] [9] .
Disaster risk assessment is the quantitative analysis and assessment of the possibility of different intensity disasters in a certain risk area and its possible consequences [10] . Through risk identification, risk assessment and risk evaluation, disaster risk management is effectively controlled and the consequences of risk losses are properly handled to reduce disaster losses as much as possible. Therefore, it is necessary to establish a disaster risk assessment system and work out disaster risk thematic maps. Liu et al. [11] studied Jilin Province's agricultural meteorological drought disaster risk zoning, and pointed out that meteorological drought sensitive areas are mainly distributed in Baicheng City, Songyuan City, Changchun City and Siping City in the central and western regions of Jilin Province. Wang et al. [12] carried out risk zoning for late-warning chilling damage of rice in Jilin Province, and pointed out that the risk of low-temperature chilling injury is relatively low in most of the western Jilin Province, most of Siping and the south of Tonghua. In eastern Yanbian and Baishan cities, there is a high risk of low-temperature chilling. At present, there are many studies on the zoning of agricultural disasters in Northeast China [13] [14] [15] [16] [17] , but there are still some limitations in the study of meteorological disaster risk zoning [18] [19]. This article defines that the 24-hour minimum temperature falls by more than 8˚C, and that the minimum daily temperature is below 2˚C is a cold-wave process. Based on GIS technology, the meteorological data of 50 meteorological 
Source of Information
The data in this article mainly includes the daily minimum temperature data of 50 meteorological stations in Jilin Province from 1961 to 2016, the socioeconomic data of Jilin Province in 2016 (including the total population, gross value of production, total agricultural output value, etc.) and geographic information data (Including the type of land use in the province, water system of 1:50,000, etc.).
Cold Wave Climate Characteristics
According to the annual meteorological data of 50 meteorological stations in Jilin Province, frequency statistics analysis method was used to obtain the frequency of cold wave (days) and intensity (yearly maximum cooling rate) of each site in Jilin Province since 1961. The average number of days of cold wave occurring in Jilin Province is 8.3 days per year. The months with the highest number of cold wave days were mainly concentrated in February, followed by January and December. The least cold wave occurred in June, July and August. the spring cold wave occurred mostly in March (Figure 1 ). Figure 2 shows the inter-annual variation of cold wave days in Jilin Province. In 1965, the average number of days of cold wave weather in Jilin Province was the highest (12.8 days). In 1995, the average number of days of cold wave weather in Jilin Province was the lowest (4.4 days). Before 1980, the average number of days of cold wave weather in Jilin Province was 8. [20] . The cold wave weather in the southeast of Jilin Province was mainly due to the topography of Changbai Mountain. The cold wave in the central region was more than the western region due to the transport of warm and humid air in the southwest.
Cold Wave Disaster Risk Assessment and Zoning

Assessment Model
The risk of hazard factors and vulnerability of hazard bearing bodies are two major components of the meteorological disaster risk system [10] . This article first evaluates the risk of cold wave and the vulnerability of the disaster bearing body, and evaluates the risk of cold wave disasters. Cold wave disaster risk assessment model adopts formula [10] :
Among them, R is the disaster risk, H is the hazard factor hazard, and V is the disaster vulnerability. Through concrete analysis, a cold storm meteorological disaster risk assessment index system was established, and the corresponding weights of each index were determined using the analytic hierarchy process [21] [22] ( Figure 5 ). Details as follows:
1) Establish a risk assessment index system. According to the cold wave risk assessment requirements, the evaluation index system is specifically divided into target layer, criterion layer, and index layer. The target level includes the hazard of hazard and the vulnerability of the carrier. The frequency and intensity of the hazard factor activity are the main factors that determine the risk of hazards [23] . Therefore, the risk of disasters in this paper mainly considers the frequency and intensity of the occurrence of cold wave weather at various stations in Jilin Province. The vulnerability of disaster-affected body is composed of three parts: 1) When the climate background is the same, the geographical and geomorphological conditions of the quake-hit environment (the natural environment that bred the cold wave disaster) can largely influence the occurrence of the cold wave disaster-causing factors and secondary disasters. Because the underlying surface of water bodies and wetlands has a certain degree of insulation effect, the damage caused by cold wave disasters can be effectively reduced. Therefore, when considering the environmental sensitivity of gestational disasters, the distance and distance between the water body and the river network density should be considered. 2) Sensitivity to disasters refers to the response of the disaster-affected body to the disaster, which is determined by the land use type, population, and property of the study area. Jilin Province is a large agricultural province. Compared with animal husbandry and forestry, cold waves have a greater impact on agriculture. Therefore, the vulnerability of cold-swamps, agricultural economic density, average cultivated land area, and population density were selected as the main factors of vulnerability. 3) Disaster prevention and mitigation capabilities include resources for disaster reduction input, emergency management, and other aspects, and
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generally refer to the degree and capability of the affected area to resist and restore meteorological disasters. The greater GDP per capita in the region indicates that the higher the level of economic development in the region, the faster the resilience after being destroyed by the cold wave disaster and the stronger the ability to resist disasters. Therefore, choosing per capita GDP as the main factor for disaster prevention and reduction capabilities.
2) The analytic hierarchy process determines the weights. Firstly, establish the comparison matrix of the two comparisons, and use the 1 -9 scale method to characterize the importance of each item in the matrix. Calculate the maximum eigenvalue of the judgment matrix and feature vector of the judgment matrix (and normalize the feature vectors). The relative weight is the normalized feature vector value. Finally, the deviation consistency test is performed on the judgment matrix, and the degree of deviation from the complete consistency of the judgment matrix is determined by the size of the consistency index.
3) According to the risk assessment model (1), the weighted comprehensive evaluation method [24] is used to synthesize various indicators, and the risk of hazard factors and the vulnerability of the carrier are evaluated separately, and a quantification factor is used for concentration. The formula is:
In the formula, n is the number of evaluation sub-factors; i D is the normalized value of the sub-factor i , i W is the weight of the sub-factor i , and V is the value of the evaluation factor. When the various factors are quantified and concentrated, the various data are first normalized to eliminate dimensional differences between different factors [25] . The formula is: min 0.5 0.5 max min
In the formula, min i and max i are the minimum value and the maximum value of the i-th factor value, ij A is the i-th factor value of the j region, and ij D is the normalized value of the i-th factor of the j region.
Hazard Risk
The frequency and intensity of occurrence of cold wave weather at each station calculated in Section 2 (the extent of temperature decrease) was calculated using the Kriging interpolation method to map the cold wave hazard distribution in Jilin Province (Figure 6 ). Generally, the higher the frequency and intensity of the hazard-causing activities, the more serious the damage caused by the disaster and the greater the risk of disasters. The natural breakpoint grading method is used to classify the cold wave hazard distribution into 5 levels. It can be seen that the high-risk areas of cold wave disasters in Jilin Province are located in most of Siping City, most of Jilin City, most of Liaoyuan City, and most of Tonghua City. Most of Baishan City and Yanji and Wangqing; most of the cities of Baicheng, Songyuan, and Yanbian are low-risk areas of cold wave disasters. 
Carrier Vulnerability
Hazard Inducing Environment
Using GIS buffer function can realize the influence of water distance and density of river network on susceptibility to gestational environment [26] . In the 1:500 000 water density map, lakes and reservoirs are divided into first-level buffers and second-level buffers according to the area of waters and rivers according to first-level rivers and second-level rivers, according to the secondary waters and secondary rivers. The buffer assignment is the largest, and the principle of maximum assignment in the first-level buffer of a large-scale water body and a river is given, and an appropriate influence factor value between 0 and 1 is given (Table 1, Table 2 ). When calculating the river network density (the total length of the river within a unit area), the river network density at the central grid point is the total river length within the radius.
Divide the distance between the water body and the density of the river network. Interpolate the results into a 1000m resolution grid map (Figure 7 ). Using the weight coefficient determined in Figure 5 and formulation (2) to calculate the hazard inducing environmental sensitivity index (Figure 8) . Generally, the distance from large reservoirs, rivers, lakes, etc., where the river network is denser, the less sensitive the typhoon environment, the lower the risk of cold wave disasters. The farther away from large reservoirs, rivers, and lakes are, the more sparse the river network is, the more sensitive the typhoon-induced environment is, and the higher the risk of cold-wave disasters. It can be seen that the places with large environmental susceptibility indices for cold-water hazards in Jilin Province are mainly concentrated in northern Songyuan and central Jilin.
Disaster Sensitivity
The vulnerability of the type of land use to the cold wave disaster, agricultural economic density, average cultivated land area and population density are the main factors of vulnerability. When processing, the Kriging Interpolation of S. Q. Xu et al. Figure 9 . Distribution of cold wave disaster sensitivity in Jilin Province.
Emergency Response & Recovery Capability
The per capita GDP of counties and cities with good statistics was used as a capacity factor for disaster prevention and mitigation. The higher the GDP, the stronger the cold wave disaster prevention and mitigation ability. The interpolation was a 1000 m resolution spatial grid and was divided into five levels ( Figure   10 ). In general, the stronger the ability to prevent and mitigate natural disasters, 
Risk Division
Based on the above analysis of the four aspects of the risk of cold wave, sensitivity to environmental susceptibility to catastrophes, sensitivity to cold wave disasters, and ability to prevent and mitigate disasters, the hazard index ( 1 I ), susceptibility to environmental susceptibility index ( 2 I ), and sensitivity Sex Index ( 3 I ) and Disaster Prevention and Mitigation Capability Index ( 4 I ), according to the weight coefficient in the indicator system of Figure 5 and Equation (2) 
According to the GIS natural breakpoint grading method, the cold wave disaster risk index of Jilin Province is divided into five levels, and the GIS spatial analysis and production function is used to draw the cold wave disaster risk zoning map of Jilin Province (Figure 11) .
Because of the influence of topography and land use distribution, the western and eastern parts of Jilin Province suffer from low risk of cold wave disasters; while in the central region there are a large number of facility agriculture and S. Q. Xu et al. Departments and other places are moderately risky areas of cold waves.
Conclusions
Based on GIS technology, this paper studies the risk zoning of cold wave disaster in Jilin province. Various index values were determined by analyzing the risk of cold wave and the vulnerability of the disaster-bearing body in Jilin Province.
Finally, a weighted synthesis method was applied to obtain the risk distribution 
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